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(57) Abstract 

An article, such as a bag, pouch» or casing, is made from a multilayer film (10) which has: (a) a first layer (12), which is an outer film 
layer, comprising a polyamide having a melting point of from about 250 *F to 400 **F, the first layer (12) having a thickness of less than 
about 18 percent, based on a total thickness of llie multilayer film; (b) a second layer (14) comprising at least one member selected from 
the group consisting of polyamide 6, polyamide 9, polyamide 10, polyamide 1 1, polyamide 12, polyamide 66, polyamide 610, polyamide 
612, polyamide 61, polyamide 6T, polyamide 69, and copolymers thereof, the second layer (14) having a thickness of from about 3 to 30 
percent of the total thickness of the multilayer film; and (c) a third layer (16) which serves as an 02-barrier layer and comprises at least 
one member selected from the group consisting of ethylenc/vinyl alcohol copolymer, polyvinylidenc chloride, and poiyalkylene carbonate. 
The first layer (12) of the film is sealed to itself. The article is suitable for use as a packaging film to be used for cook-in end use. The 
film provides the anicle with enhanced sealing and toughness properties. Also disclosed are a bag comprising this multilayer film, as well 
as a packaged product comprising this multilayer film. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


AM 


Armenia 


FI 


AT 


Austria 


FR 


AU 


Ausiratia 


GA 


AZ 


Awrbaijan 


GB 


DA 


Bosnia and Hcrtcgovtna 


G£ 


BB 


Barbados 


GH 


BE 


Belgium 


GN 


BF 


Burkina Faso 


GR 


BG 


Bulgaria 


HU 


BJ 


Benin 


IE 


BK 


Brazil 


IL 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


Central African Republic 


JP 


CG 


Congo 


K£ 


CH 


Swiizcrland 


KG 


CJ 


Cflte d' I voire 


KP 


CM 


Cameroon 




CN 


China 


KR 


cu 


Cuba 


KZ 


cz 


Cwch Republic 


IX 


DE 


Germany 


LI 


DK 


Dcnmaik 


LK 


EE 


Estonia 


LR 



Spain 
Finland 
France 
Gabon 

United Kingdon^ 

Georgia 

Ghana . 

Guinea 

Greece 

llungary 

Ireland 

Israel 

[ccland 

Italy 

Japan 

Kenya 

Kyrgyzsian 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 


Ixsotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


sz 


Swa/Jtand 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


T(; 


Togo 


MG 


Madagascar 


TJ 


Tajikista;i 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


LIG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mexico 


UZ 


Uzbekistan 


NE 


Niger 


VN 


Vict Nam 


NL 


Netherlands^ 


YU 


Yugoslavia 


NO 


Norway 


zw 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SC 


Singapore 







ARTICLE COMPRISING FILM HAVING POLYAMIDE SEALANT, 
POLYAMIDE CORE LAYER, AND OrBARRlER LAYER, AND PACKAGED 

PRODUCT USING SAME 



Field of the Invention 

The present invention relates to articles made from the conversion of multilayer films, 
and particularly to such articles which are suitable for packaging meat products, especially for 
the cook-in packaging of meal products wherein the film has a food contact surface which 
adheres to the meat during cook-in. 

Backuround of the Invention 

For several years, the food packaging industry has utilized a packaging film from 
which bags and casings have been made which are of improved structural soundness such 
that they have been fully characterized as cook-in. A precooked food product has been 
attractively packaged using a film within which the product was precooked. The film has 
been used primarily for cook-and-ship end-use, wherein a meal product is packaged in the film 
and cooked while in the film, and is thereafter cooled and shipped to wholesaler retailer, or 
consumer, without being overwrapped and without havmg the film stripped therefrom and 
thereafter being re-packaged in another film. 

The phrase "cook-in" as used herein refers lo the process of cooking a product 
packaged in a material capable of withstanding exposure to long and slow cooking conditions 
while containing the food product, for example cooking at 57*^C to 12rC (i.e, I35°F-250°F) 
for 2-12 hours, preferably 57T to 95T (i.e, I35T-203°F) for 2-12 hours. Cook-in packaged 
foods are essentially pre-packaged, pre-cooked foods which may be directly transferred to the 
consumer in this form. These types of foods may be consumed with or without warming. 
Cook-in packaging materials maintain seal integrity, i.e., any heat sealed seams should resist 
being pulled apart, during cook-in, and are conformable to the contained food product. 
Preferably, conformability is achieved by the film being heat shrinkable so as to form a tightly 
fitting package. Additional optional characteristics of films for use in cook-in applications 
include delamination-resistance, low Os-permeability, heat-shrinkability, and optical clarity. 

Cook-in films preferably have a tendency for adhesion to the food product, thereby 
preventing "cook-out", i.e., "purge \ which is the collection of juices between the outer surface 
of the food product and the meat-contact surface of the film, i.e., the surface in direct contact 
with the meat. This meat adhesion characteristic of the meat contact layer serves to both 



prevent cook-out (and thereby prevent an unattractive package or the need to strip the film 
from the meat and repackage the meat), to increase product yield, and to prevent the meat 
from losing juices which improve its edible character. As used herein, the term "adhere", with 
respect to meat-adhesion, refers to a meat-contact surface of the film which bonds during 
cook-in to the contained food product to an extent sufficient to substantially prevent 
accumulation of fluids between the film and the contained meat product, 

However, some of the cook-in films in commercial use have an outer layer which 
serves as a meat-adhesion layer, this layer containing a relatively large amount of one or 
more relatively expensive polyamides. In one commercially available film, for example, 
this outer polyamide layer typically comprised a blend of polyamide 12 and polyamide 
6/12, both of which are relatively expensive but which provide advamageous sealing and 
meat adhesion performance. It has been believed that these polyamide polymers must be 
present in a relatively thick outer layer (e g., about 20% of the total film thickness), in 
order to provide the seal performance during cook-in, because the converted articles 
typically need to survive cooking for long periods of time at high temperatures, e g,, 
cooking the meat product at 190°F for 6-12 hours, U would be desirable to reduce the 
cost of the film if the seal quality and meat-adhesion could be maintained, or at least not 

sacrificed to any significant degree. 

.'summary of the Invention 
In comparison with pnor art commercially-available films, the article of the present 
invention utilizes a film which contains less costly polymer, while providing comparable 
performance characteristics, i.e., comparable seal strength, comparable meat adhesion, and 
comparable package appearance. Furthermore, in some cases this film can provide the 
further advantage of downgauging of the total film thickness, so that less total polymer is 
required. Furthermore, in some cases the film of the presem invention can be used to 
provide an enhanced level of shrink tension. In some cases, the film of the present 
invention can provide enhanced toughness/abuse resistance even though the thickness of 
the film is not increased over other films which have previously been used. Surpnsingly. 
the film of the present invention can provide comparable perfomiance characteristics even if il 
has a thickness less than the cook-in films which have been in commercial use. In addition, the 
film of the invention exhibits improved heat seal strength relative to prior art commercially- 
available films having, for example, ionomer meat contact layers. The film of the present 
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invention is suitable for the packaging of a wide variety of food products, especially meat 
products. 

As a first aspect, the present invention is directed to an article comprising a 
multilayer film. The multilayer film comprises: (A) a first layer comprising a polyamide 
5 having a melting point of from about 250°F to 400°F, the first layer having a thickness of 
less than about 18 percent, based on a total thickness of the multilayer film; (B) a second 
layer comprising at least one member selected from the group consisting of polyamide 6, 
polyamide 9, polyamide 10, polyamide 1 1, polyamide 12, polyamide 66, polyamide 610, 
polyamide 612, polyamide 61, polyamide 6T, polyamide 69, and copolymers thereof, the 

1 0 second layer having a thickness of from about 3 to 30 percent of the total thickness of the 
multilayer film; and; and (C) a third layer which serves as an Orbarrier layer and 
comprises at least one member selected from the group consisting of ethylene/vinyl 
alcohol copolymer, polyamide, polyvinylidene chloride, and polyalkyiene carbonate. The 
first layer is seated to itself Preferably, the first layer has a thickness of from about 0.5 to 

15 18 percent of the total film thickness; more preferably, from about 5 to 18 percent; still 
more preferably, from about 6 to 15 percent, and- yet still more preferably, from about 8 
to 12 percent. Preferably, the polyamide in the first layer has a melting point of from 
about 300*^ to 375°F. Preferably, the second layer has a thickness of from about 3 to 30 
percent of the total film thickness; more preferably, from about 4 to 20 percent; still more 

20 preferably, from about 5 to 10 percent. Preferably, the second layer is directly adhered to 
the first layer. Preferably, the second layer comprises at least one member selected from 
the group consisting of polyamide 6, polyamide 66, and polyamide 6/66. 

In a first preferred embodiment, the first layer comprises only one polyamide. In a 
second preferred embodiment, the first layer comprises copolyamide 6/12 in an amount of 

25 from about 20 to 80 weight percent, and polyamide 12 in an amount of from about 80 to 
20 weight percent. In either embodiment, the first layer preferably has a thickness of less 
than about 15 percent, based on a total thickness of the multilayer film. In either 
embodiment, preferably the first layer has a thickness of from about 0.2 to 0.4 mil. 

Preferably, the second layer comprises polyamide 6 and at least one member 

30 selected from the group consisting of polyamide 66, polyamide 610, polyamide 6/12, 
polyamide 61, polyamide 6T, polyamide 69, and copolyamides thereof More preferably. 



the second layer comprises polyamide 6 in an amount of from about 40 to 90 weight 
percent, and polyamide 6/12 in an amount of from about 10 to 60 weight percent. 

Preferably, the thickness of the second layer is from about 3 to 20 percent, based 
on a total thickness of the multilayer film; more preferably, the thickness of the second 
5 layer is less than about 1 5 percent, based on a total thickness of the multilayer film. 

Preferably, the muhilayer film further comprises a fourth layer comprising at least 
one member selected from the group consisting of polyolefin, polyamide, polyester, 
starch-containing polymer, polystyrene, and polyurethane. Preferably, the fourth layer 
comprises at least one member selected from the group consisting of polyethylene 
10 homopolymer, polyethylene copolymer, polypropylene homopolymer, polypropylene 
copolymer, polybutene homopolymer, and polybutcnc copolymer, and the fourth layer is 
an outer layer. 

Preferably, the multilayer film further comprises a fifth layer between the third 
layer and the fourth layer, the fifth layer serving as a lie-layer Preferably, the multilayer 
1 5 film further comprises a .sixth layer between the first layer and the third layer, the sixth 

layer serving as a tie-layer. 

Preferably, the multilayer film has biaxially oriented Preferably, the multilayer 
film has a free shrink, at 185"F, of at least 10 percent in at least one direction 

Preferably, at least a portion of the multilayer film comprises a cross-linked 

20 polymer network. 

As a second aspect, the present invention is directed to a bag comprising a 
multilayer film as in the first aspect of the present invenuon Preferably, the bag is an end- 
seal bag or a side seal bag. Preferably, the multilayer film in the bag is a preferred 
multilayer film in accordance with the first aspect of the present invenfion. 
25 As a third aspect, the present invention is directed to a packaged product 

compnsmg a package and a product in the package The package comprises the 
multilayer^ilm as set forth in the first aspect of the present invention. The product 
compnses cooked meat. Preferably, the multilayer film in the package is a preferred 
multilayer film in accordance with the first aspect of the present invention. Preferably, the 
30 cooked meat product compnses at lea.st one member selected from the group consisting 
of poultry, ham, roast beef, liver sausage, mortadella. bologna, goat, and lamb, More 
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preferably, the cooked meat product comprises at least one member selected from the 
group consisting of poultry, ham, and roast beef. 

Brief Descript i on of the Drawings 
Figure 1 illustrates an enlarged cross-sectional view of a preferred 5-layer multilayer 
5 film suitable for use in the article according to the present invention. 

Figure 2 illustrates an enlarged cross-sectional view of a preferred 6-layer multilayer 
film suitable for use in the article according to the present invention. 

Figure 3 illustrates an enlarged cross-sectional view of another preferred 6-layer 
multilayer film suitable for use in the article according to the present invention. 
10 Figure 4 illustrates a schematic view of a process for making a preferred heat- 

shrinkable multilayer film for use in the aaicle according to the present invention. 

Figure 5 illustrates a perspective view of a packaged cooked meat product according 
to the present invention. 

Figure 6 illustrates a perspective view of a packaged cooked meat product according 
1 5 to the present invention. 

Figure 7 is a photograph of a wrinkled, creased comparative film. 
Figure 8 is a photograph of a non-wrinkled, non-creased film to be used in the article 
according to the present invention, i.e., a smooth film. 

Detailed Description of the Invent ion 
20 As used herein, the phrase "lay-flat film" refers to a film that has been extruded as 

a wide, thin-walled, circular tube, usually blown, cooled, then gathered by converging sets 
of rollers and wound up in flattened form. The phrase ^1ay-flat width", refers to half of 
the circumference of the inflated film tube. 

As used herein, the phrase '\..a layer comprising... a polyamide having a melting 
25 point..,'' refers to a film layer containing at least one polyamide, the polyamide having a 
melting point within the specified temperature range. 

The article of the present invention is preferably a bag, thermoformed package 
portion, or other converted film product. Preferably, the first layer serves as both a seal 
layer and a food-contact layer. 
30 As used herein, the term "film" is used in a generic sense to include plastic web, 

regardless of whether it is film or sheet. Preferably, films of and used in the present invention 
have a thickness of 0.25 mm or less. As used herein, the term "package" refers to packaging 



materials configured around a product being packaged. The phrase "packaged product " as 
used herein, refers to the combination of a product which is surrounded by a packaging 
material. 

As used herein, the term "seal" refers to any seal of a first region of a film surface to a 
second region of a film surface, wherein the seal is formed by heating the regions to at least 
their respective seal initiation temperatures. The sealing can be performed by any one or more 
of a wide variety of manners, such as using a heated bar, hot air, hot wire, inft-ared radiation, 
ultrasonic sealing, radio frequency sealing, etc. However, the preferred sealing mechanism .s a 
seal made on a bag machine using a hot-wire. 
3 As used herein, the phrases "food-contact layer" and "meat-contact layer" refer to a 

layer of a multilayer film which is in direct contact with the food/meat in the package 
comprising the film. In a multilayer film, a food-contact layer is always an outer film layer, as 
the food-contact layer is in direct contact with the food product within the package. The food- 
contact layer is an inside layer in the sense that with respect to the packaged food product, the 
5 food-contact layer is the inside layer (i.e., innermost layer) of the package, this inside layer 
being in direct contact with the food. As used herein, the phrases "food-contact surface" and 
"meat-contact surface" refer to an outer surface of a food contact layer, this outer surface 
being in direct contact with the food within the package. 

As used herein, the phrases "meat-adhesion," 'Tilm-to-meai adhesion," "film-to-food 
20 adhesion," and "adhered", refer to maintaining direct contact between the meat surface and the 
meat-contact surface of the film, so that there .s an absence of a substantial amount of free 
moisture, i.e., purge, which is water and juices emitted outside of the food/meat product. In 
general, there is an absence of a substantial amount of free moisture if the level of free 
moisture is from about 0 to 2%, based on the weight of the meat product before cooking. 
25 Preferably the amount of free moisture is from about 0 to 1%, more preferably, 0 to 0.5%, and 
. still preferably from 0 to 0. 1 percent based on the weight of the meat product before cooking. 

As used herein, the phrase "meat pull-oif ' refers to that portion of a cook-in meat 
^ product which is torn off of the meat product upon stripping the cook-in film from the cooked 
meat product. 

30 As used herein, the term "ham," and the phrase "ham products," include the following 

categories known to those of skill in the art: ham with natural juices, ham with water added, 
and, ham-and-water product. The ham with natural juices comprises at least 17'/,% protein 
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fat-free [PFF], while the ham with water added comprises at least l§% protein fat-free. The 
ham-and- water product, on the other hand, comprises at least 16% protein fat-free, but also 
comprises added ingredients in an amount of about 35 weight percent, based on the weight of 
the product. Due to the relatively high percentage of added ingredients in the ham-and-water 
5 product, it is much more difficult to obtain adequate film-to-meat adhesion to the ham-and- 
water product than to the other above-identified ham products. The above descriptions of 
ham products are known to those of skill in the art, and moreover, are disclosed in the 
Encyclopedia of Labeling Meat and Poultry Products, Eighth Edition, Meat Plant Magazine, 
St. Louis, Mo. 

10 As used herein, the phrase "cook-in" refers to the process of cooking a product 

packaged in a material capable of withstanding exposure to long and slow cooking conditions 
while containing the food product, for example submersion in water at 57°C to \2]"C (i.e. 
135°F-250"F) for 2-12 hours, preferably 57T to \OQX. (i.e. 135°F-250°F) for 2-12 hours. 
Cook-in packaged foods are essentially pre-packaged, pre-cooked foods which may be directly 

1 5 transferred to the consumer in this form. These types of foods may be consumed with or 
without warming. Cook-in packaging materials maintain seal integrity, and in the case of 
multilayer films are deiamination resistant. Cook-in films must ahso be heat shrinkable under 
cook-in conditions so as to form a tightly fitting package. Cook-in films preferably have a 
tendency for adhesion to the food product, thereby preventing "cook-out", which is the 

20 collection of juices between the outer surface of the food product and the meat-contact surface 
of the film, i.e.. the surface in direct contact with the meat. Additional optional characteristics 
of films for use in cook-in applications include delamination-resistance, low Oj-permeability. 
heat-shrinkability representing about 20-50% biaxial shrinkage at about 85T (185°F), and 
optical clarity. For hermetically sealed bags, it is preferred that the external surface of the 

25 package is subjected to a temperature of at least about 1 50° F; preferably from about 1 50° F to 
212°F; more preferably, from about 160 to 212°F; still more preferably, from about 165°F to 
200°F; and. even yet still more preferably, from about 1 70°F to I80°F. 

As used herein, "EVOH" refers to ethylene vinyl alcohol copolymer. EVOH includes 
saponified or hydrolyzed ethylene vinyl acetate copolymers, and refers to a vinyl alcohol 

30 copolymer having an ethylene comonomer, and prepared by, for example, hydrolysis of vinyl 
acetate copolymers, or by chemical reactions with polyvinyl alcohol. The degree of hydrolysis 
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is preferably from about 50 to 100 mole percent; more preferably, from about 85 to 100 mole 
percent. 

As used herein, the term "barrier", and the phrase "barrier layer", as applied to films 
and/or film layers, are used with reference to the ability of a film or film layer to serve as a 
5 barrier to one or more gases. In the packaging art, oxygen (i.e., gaseous O,) barrier layers 
have included, for example, hydrolyzed ethylene/vinyl acetate copolymer (designated by the 
abbreviations "HVOH" and "HEVA". and also referred to as "ethylene/vinyl alcohol 
copolymer"), polyvinylidene chloride, polyamide, polyester, polyacrylonitnle, etc.. as known to 
those of skill in the art. 

10 As used herein, the phrase "abuse layer", as well as the phrase "puncture-resistant 

layer", refer to an outer film layer and/or an inner film layer, so long as the film layer serves to 
resist abrasion, puncture, and other potential causes of reduction of package integrity, as well 
as potential causes of reduction of package appearance quality. 

As used herein, the terms "lamination." "laminate," as well as the phrase "laminated 
1 5 film," refer to the process, and resulting product, made by bonding together two or more 
layers of film or other materials. Lamination can be accomplished by joining layers with 
adhesives, joining with heat and pressure, with corona treatment, and even spread coating and 
extmsion' coating. The term laminate is also inclusive of coextruded multilayer films 
comprising one or more tie layers 
20 As used herein, the term "oriented" refers to a polymer-containing material which has 

been elongated (generally at an elevated temperature called the onentation temperature), 
followed by being "set" in the elongated configuration by cooling the matenal while 
substantially retaining the elongated dimensions This combination of elongation at elevated 
temperature followed by cooling causes an alignment of the polymer chains to a more 
25 parallel configuration, thereby improving the mechanical properties of the film. Upon 
subsequently heating unrestrained, unannealed, onented polymer-containing material to its 
orientation temperature, heat shrinkage is produced almost to the original dimensions, i.e., pre- 
elongation dimensions. The temi "onented," is herein used with reference to onented films,^ 
which can undergo orientation in any one or more of a variety of manners. 
30 Orienting in one direction is referred to herein as "'uniaxial orientation," while 

orienting in two^directions is referred to herein as "biaxial orientation - In onented plastic 
films there can be internal stress remainn^g in the plastic sheet which can be relieved by 
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reheating the film to a temperature above that at which it was oriented. Upon reheating 
such a film, the film tends to shrink back to the original dimensions it had before it was 
oriented. Films which shrink upon being heated are generally referred to as heat- 
shrinkable films. 

5 As used herein, the phrase "orientation ratio" refers to the multiplication product of the 

extent to which the plastic film material is oriented in several directions, usually two directions 
perpendicular to one another. Orientation in the machine direction is herein referred to as 
"drawing", whereas orientation in the transverse direction is herein referred to as "stretching". 
For films extruded through an annular die, stretching is obtained by "blowing" the film to 

1 0 produce a bubble. For such films, drawing is obtained by passing the film through two sets of 
powered nip rolls, with the downstream set having a higher surface speed than the upstream 
set, with the resulting draw ratio being the surface speed of the downstream set of nip rolls 
divided by the surface speed of the upstream set of nip rolls. The degree of orientation is also 
referred to as the orientation ratio, also known as the "racking ratio". 

1 5 As used herein, the term "monomer" refers to a relatively simple compound, usually 

containing carbon and of low molecular weight,^ which can react to form a polymer by 
combining with itself or with other similar molecules or compounds. 

As used herein, the term "comonomer" refers to a monomer which is copolymerized 
with at least one different monomer in a copolymerization reaction, the result of which is a 

20 copolymer. 

As used herein, the term "polymer" refers to the product of a polymerization reaction, 
and is inclusive of homopolymers, copolymers, terpolymers, tetrapoiymers, etc. In general, the 
layers of a film can consist essentially of a single polymer, or can have additional polymers 
together therewith, i.e., blended therewith. 

25 As used herein, the term "homopolymer" is used with reference to a polymer resulting 

fi-om the polymerization of a single monomer, i.e., a polymer consisting essentially of a single 
type of repeating unit. 

As used herein, the term "copolymer" refers to polymers formed by the polymenzation 
reaction of at least two diflferent monomers. For example, the term "copolymer" includes the 

30 copolymerization reaction product of ethylene and an alpha-olefin, such as 1-hexene. The 
term "copolymer" is also inclusive of, for example, the copolymerization of a mixture of 
ethylene, propylene, 1-hexene, and 1-octene. As used herein, the term "copolymerization" 



refers to the simultaneous polymerization of two or more monomers. The term "copolymer" 
is also inclusive of random copolymers, block copolymers, and graft copolymers. 

As used herein, the term ''polymerization" is inclusive of homopolymerizations, 
copoiymerizations, terpolymerizations, etc., and includes all types of copolymerizations such as 
5 random, graft, block, etc. In general, the polymers, in the films used in accordance with the 
present invention, can be prepared in accordance with any suitable polymerization process, 
including slurry polymerization, gas phase polymerization, and high pressure polymerization 
processes. 

As used herein, a copolymer identified in terms of a plurality of monomers, e.g., 
10 propylene/ethylene copolymer", refers to a copolymer in which either monomer may 
copolymerize in a higher weight or molar percent than the other monomer or monomers. 
However, the first listed monomer preferably polymerizes in a higher weight percent than the 
second listed monomer, and, for copolymers which are terpolymers, quadripolymers, etc., 
preferably the first monomer copolymcrizes in a higher weight percent than the second 
1 5 monomer, and the second monomer copolymerizes in a higher weight percent than the third 
monomer, etc 

As used herein, terminology employing a 7" with respect to the chemical identity of a 
copolymer (e.g., "an ethylene/alpha-olefin copolymer"), identifies the comonomers which are 
copolymerized to produce the copolymer As used herein, "ethylene alpha-olefin copolymer" 
20 is the equivalent of "ethylene/alpha-olefin copolymer " 

As used herein, copolymers are identified, i.e, named, in terms of the monomers fi-om 
which the copolymers are produced. For example, the phrase ^'propylene/ethylene copolymer" 
refers to a copolymer produced by the copolymerization of both propylene and ethylene, with 
or without additional comonomer(s). As used herein, the phrase "mef ^ refers to a unit of a 
25 polymer, as derived from a monomer used in the polymerization reaction. For example, the 
phrase '*alpha-olefin mer" refers to a unit in, for example, an ethylene/alpha-olefin copolymer, 
the polymerization unit being that "residue" which is derived from the alpha-olefin monomer 
after it reacts to become a portion of the polymer chain, i.e., that portion of the polymer 
contributed by an individual alpha-olefin monomer after it reacts to become a portion of the 
30 polymer chain. 

As used herein, the phrase "heterogeneous polymer" refers to polymerization reaction 
products of relatively wide variation in molecular weight and relatively wide variation in 
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composition distribution, i.e., polymers made, for example, using conventioaai Ziegler-Natta 
catalysts. Heterogeneous polymers are usefial \u various layers of the film used in the present 
invention. Such polymers typically contain a relatively wide variety of chain lengths and 
comonomer percentages. 

5 As used herein, the phrase "heterogeneous catalyst" refers to a catalyst suitable for use 

in the polymerization of heterogeneous polymers, as defined above. Heterogeneous catalysts 
are comprised of several kinds of active sites which differ in Lewis acidity and steric 
environment. Ziegier-Natta catalysts are heterogeneous catalysts. Examples of Ziegler-Natta 
heterogeneous systems include metal halides activated by an organometallic co-cataiyst, such 

10 as titanium chloride, optionally containing magnesium chloride, complexed to trialtcyl 
aluminum and may be found in parents such as U.S. Patent No. 4,302,565, to GOEKE, et. a!., 
and U.S. Patent No. 4,302.560, to KAROL, et. al., both of which are hereby incorporated, in 
their entireties, by reference thereto. 

As used herein, the phrase "homogeneous polymer*' refers to polymerization reaction 

1 5 products of relatively narrow molecular weight distribution and relatively narrow composition 
distribution. Homogeneous polymers can be used in various layers of multilayer films usefijl in 
the present invention. Homogeneous polymers are structurally different from heterogeneous 
polymers, in that homogeneous polymers exhibit a relatively even sequencing of comonomers 
within a chain, a mirroring of sequence distribution in all chains, and a similarity of length of all 

20 chains, i.e., a narrower molecular weight distribution. Furthermore, homogeneous polymers 
are typically prepared using metallocene, or other single-site type catalysis, rather than using 
Ziegler Natta catalysts. 

More particularly, homogeneous ethylene/alpha-olefin copolymers may be 
characterized by one or more methods known to those of skill in the art, such as molecular 

25 weight distribution (Mu/Mn), composition distribution breadth index (CDBl), narrow melting 
point range, and single melt point behavior. The molecular weight distribution (M,v/Mn), also 
known as "polydispersity," may be determined by gel permeation chromatography. 
^ Homogeneous ethylene/alpha-olefin copolymers which can be used in the present invention 
preferably have an M,v/Mn of less than 2.7; more preferably ft-om about 1.9 to 2.5; still more 

30 preferably, fi-om about 1.9 to 2.3. The composition distribution breadth index (CDBl) of such 
homogeneous ethylene/alpha-olefin copolymers will generally be greater than about 70 
percent. The CDBl is defined as the weight percent of the copolymer molecules having a 



comonomer content within 50 percent (i.e., plus or minus 50%) of the median total molar 
comonomer content. The CDBl of linear polyethylene, which does not contain a comonomer, 
is defined to be 100%. The Composition Distribution Breadth Index (CDBI) is determined v,a 
the technique of Temperature Rising Elation iTactionation (TREF). CDBl detennination 
5 clearly distinguishes homogeneous copolymers (i.e., narrow composition distribution as 
assessed by CDBI values generally above 70%) from VLDPEs available commercially which 
generally have abroad composition distribution as assessed by CDBl values generally less than 
55%, TREF data and calculations therefrom for determination of CDBI of a copolymer is 
readily calculated from data obtained from techniques known in the an, such as. for example, 
1 0 temperature nsing elution fractionation as described, for example, in Wild et. al., I. Poly. Set. 
PoivPhys_E4. Vol. 20, p.44l (1982). Preferably, the homogeneous ethylene/alpha-olcfin 
copolymers have a CDBl greater than about 70%, . e., a CDBl of from about 70% to 99%. In 
general the homogeneous ethylene/alpha-olefin copolymers useftil in the present invention also 
exhibit a relatively na^ow melting point range, ,n comparison with "heterogeneous 
1 5 copolymers", i.e., polymers having a CDBl of less than 55% Preferably, the homogeneous 
ethylene/alpha-olefin copolymers exhibit an essemiallv singular melting poim characteristic, 
with a peak melting point (T.), as determined by Differential Scanning Colonmetn/ (DSC), of 
from about 60°C to 105°C. Preferably the homogeneous c(n^olymer has a DSC peak T. ot 
from about 80°C to 100°C. As used herein, the phrase "essentiallv single melting point" means 
20 that at least about 80%, by weight, of the material corresponds to a single T„ peak at a 
temperature within the range of from about 60T to 105^C. and essentially no substamial 
fraction of the material has a peak melting point ,n excess of about 1 1 5°C., as detem^ned by 
DSC analysis. DSC measurements are made on a Perkin Elmer System 7 Thermal Analysis 
System. Melting information reported are second melting data, i.e., the sample ,s heated at a 
25 programmed rate of 10°C./min. to a temperature below its critical range. The sample is then 
reheated (2nd melting) at a programmed rate of 10°C/min. 

A homogeneous ethylene/alpha-olefin copolymer can. ,n general, be prepared by the 
copolymerization of ethylene and any one or more alpha-olefin Preferably, the alpha-olefin is 
a CCo alpha-monoolefin. more preferably, a C.C. alpha-monoolef.n, still more preferably, 
30 a C.C« alpha-monoolefin. Still more preferably, the alpha-oletin comprises at least one 
member selected from the group consisting ofbutene-l.hexene-l.andoctene-l,i.e.,l-butene. 
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Uhexp ne, ^^and 1-octene, respectively. Most preferably, the alpha-olefin comprises octene-1, 
and/or a blend ofhexene- 1 and butene- 1 . 

Processes for preparing and using homogeneous polymers are disclosed in U.S, Patent 
No. 5,206,075, to HODGSON, Jr, U.S. Patent No. 5,241.031, to MEHTA, and PCT 
5 International Application WO 93/03093, each of which is hereby incorporated by reference 
thereto, in its entirety. Further details regarding the production and use of homogeneous 
ethylene/alpha-olefin copolymers are disclosed in PCT International Publication Number WO 
90/03414, and PCT International Publication Number WO 93/03093, both of which designate 
Exxon Chemical Patents, Inc. as the Applicant, and both of which are hereby incorporated by 

1 0 reference thereto, in their respective entireties. 

Still another species of homogeneous ethylenc/alpha-oiefin copolymers is disclosed in 
U.S. Patent No. 5,272,236, to LAI, ct. al., and U.S. Patent No. 5,278,272, to LAI, et. a!., both 
of which are hereby incorporated by reference thereto, in their respective entireties. 

As used herein, the term "polyolefin" refers to any polymerized olefin, which can be 

1 5 linear, branched, cyclic, aliphatic, aromatic, substituted, or unsubstituted. More specifically, 
included in the term polyolefin are homopolymers of olefin, copolymers of olefin, copolymers 
of an olefin and an non-olefinic comonomer copolymerizable with the olefin, such as vinyl 
monomers, modified polymers thereof, and the like. Specific examples include polyethylene 
homopolymer, polypropylene homopolymer, polybutene, ethylene/alpha-olefin copolymer, 

20 propylene/alpha-olefin copolymer, buiene/alpha-olefin copolymer, ethylene/vinyl acetate 
copolymer, ethylene/ethyl acrylate copolymer, ethylene/butyl acrylate copolymer, 
ethylene/methyl acrylate copolymer, ethylene/acrylic acid copolymer, ethylene/methacn/lic acid 
copolymer, modified polyolefin resin, ionomer resin," polymethylpentene, etc. Modified 
polyolefin resin is inclusive of modified polymer prepared by copolymerizing the homopolymer 

25 of the olefin or copolymer thereof with an unsaturated carboxylic acid, e.g., maleic acid, 
fijmaric acid or the like, or a derivative thereof such as the anhydride, ester or metal salt or the 
like. It could also be obtained by incorporating into the olefin homopolymer or copolymer, an 
unsaturated carboxylic acid, e.g., maleic acid, fumaric acid or the like, or a derivative thereof 
such as the anhydride, ester or metal salt or the like. 

30 As used herein, terms identifying polymers, such as "polyamide", "polyester", 

*'polyurethane", etc. are inclusive of not only polymers comprising repeating units derived ft-om 
monomers known to polymerize to form a polymer of the named type, but are also inclusive of 



comonomers, derivatives, etc. which can copotymerize with monomers known to polymerize 

to produce the named polymer. For example, the term "polyamide" encompasses both 

polymers comprising repeating units derived from monomers, such as caprolactam, which 

polymerize to form a polyamide, as well as copolymers derived from the copolymerization of 
5 caprolactam with a comonomer which when polymerized alone does not result in the 

formation of a poiyamide. Furthermore, terms identifying polymers are also inclusive of 

"blends" of such polymers with other polymers of a different type. 

As used herein, the phrase "anhydride functionality" refers to any form of anhydride 

functionality, such as the anhydride of maleic acid, flimaric acid, etc., whether blended with 
10 one or more polymers, grafted onto a polymer, or copolymerized with a polymer, and, in 

general, is also inclusive of derivatives of such functionalities, such as acids, esters, and metal 

salts derived therefrom. 

As used herein, the phrase "modified polymer", as well as more specific phrases such 

as "modified ethylene vinyl acetate copolymer", and "modified polyolefin" refer to such 
1 5 polymers having an anhydride functionality, as defined immediately above, grafted thereon 

and/or copolymerized therewith and/or blended therewith. I^referably, such modified polymers 

have the anhydride functionality grafted on or polymerized therewith, as opposed to merely 

blended therewith. 

As used herein, the phrase "anhydride-containing polymer" refers to one or more of 
20 the following: (1) polymers obtained by copolymenzing an anhydride-containing monomer 
with a second, different monomer, and (2) anhydride grafted copolymers, and (3) a mixture of 
a polymer and an anhydride-containing compound. 

As used herein, the phrases "ethylene alpha-olefin copolymer", and "ethylene/alpha- 
olefin copolymer", refer to such heterogeneous materials as low density polyethylene (LDPE), 
25 medium density polyethylene (MDPE), linear low density polyethylene (LLDPE), and very 
low and ultra low density polyethylene (VLDPE and ULDPE); as well as to such 
homogeneous ethylene/alpha olefin copolymers as: metal locene-cataly zed EXACT (TM) 
linear homoueneous ethylene/alpha olefin copolymer resins obtainable from the Exxon 
Chemical Company, of Baytown, Texas, homogeneous substantially linear ethylene/alpha- 
30 olefin copolymers having long chain branching (e.g., copolymers known as AFFINITY (TM) 
resins, and ENGAGE (TM) resins, available from the Dow Chemical Company, of Midland, 
Michigan), as well as TAFMER (TM) linear homogeneous ethylene/alpha-olefin copolymer 
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resins obtainable from the Mitsui Petrochemical Corporation. Both the heterogeneous' 
polymers and homogeneous polymers referred to above generally include copolymers of 
ethylene with one or more comonomers selected from C4 to Cm alpha-olefin such as butene-1 
(i.e., 1-butene), hexene-1, octene-L etc. While LDPE and MDPE are more highly branched 
5 than LLDPE, VLDPE, ULDPE, EXACT (TM) resin, and TAFMER (TM) resin, this latter 
group of resins has a relatively large number of short branches rather than the longer branches 
present in LDPE and MDPE AFFINITY (TM) resins and ENGAGE (TM) resins have a 
relatively large number of short branches in combination with a relatively small number of 
long-chain branches. LLDPE has a density usually in the range of from about 0.91 grams per 

1 0 cubic centimeter to about 0.94 grams per cubic centimeter. 

In general, the ethylene/alpha-olefin copolymer comprises a copolymer resulting from 
the copolymerization of from about 80 to 99 weight percent ethylene and from I to 20 weight 
percent alpha-olefin. Preferably, the ethylene alpha-olefin copolymer comprises a copolymer 
resulting from the copolymerization of from about 85 to 93 weight percent ethylene and from 

15 5 to 1 5 weight percent alpha-olefin. 

As used herein, the phrases "inner layer" and "interna! layer" refer to any layer, of a 
multilayer film, having both of its principal surfaces directly adhered to another layer of the 
film. 

As used herein, the phrase "inside layer" refers to an outer film layer, of a multilayer 
20 film packaging a product, which is closest to the product, relative to the other layers of the 
multilayer film. "Inside layer" also is used with reference to the innermost layer of a plurality 
of concentrically arranged layers simultaneously coextruded through an annular die. 

As used herein, the phrase "outer layer" refers to any film layer of film having less than 
two of its principal surfaces directly adhered to another layer of the film. The phrase is 
25 inclusive of monolayer and multilayer films. All multilayer films have two, and only two, outer 
layers, each of which has a principal surface adhered to only one other layer of the multilayer 
film. In monolayer films,, there is only one layer, which, of course, is an outer layer in that 
neither of its two principal surfaces are adhered to another layer of the film. 

As used herein, the phrase "outside layer" refers to the outer layer, of a multilayer film 
30 packaging a product, which is flinhest from the product relative to the other layers of the 
multilayer film. "Outside layer" also is used with reference to the outermost layer of a plurality 
of concentrically arranged layers simultaneously coextruded through an annular die. 
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As used herein, the phrase "directly aahered", as applied to film layers, is defined as 
adhesion of the subject film layer to the object film layer, without a tie layer, adhesive, or other 
layer therebetween. In contrast, as used herein, the word "between", as applied to a film layer 
expressed as being between two other specified layers, includes both direct adherence of the 
subject layer between to the two other layers it is between, as well as including a lack of direct 
adherence to either or both of the two other layers the subject layer is between, i.e.. one or 
more additional layers can be imposed bctweett the subject laver and one or more of the layers 

the subject layer is between. 

As used herein, the term "core", and the phrase "core layer", as applied to multilayer 
films, refer to any inner film layer which has a priman/ function other than sending as an 
adhesive or compatibilizer for adhenng two layers to one another Usually, the core layer or 
layers provide the multilayer film with a desired level of strength, i.e., modulus, and/or optics, 
and/or added abuse resistance, and/or specific impermeability. 

As used herein, the phrases "seal layer," "seal.ng layer." "heat seal layer," and "sealant 
layer " refer to an outer film layer, or layers, mvolved in the seahng of the film to itself another 
film layer of the same or another film, and/or another article wh.ch is not a film. It should also 
be recognized that in general, up to the outer 3 mils of a film can be involved in the seal.ng of 
the film to itself or another layer. With respect to packages having only fin-type seals, as 
opposed to lap-type seals, the phrase "sealant laver" generally refers to the mside film layer of a 
20 packaue as well as supporting layers wkhin 3 mils of the ,ns,de surface of the sealant layer, the 
.nside layer frequently also seeing as a food contact layer in the packagmg of foods In 
general, sealant layers employed in the packaging an have tncludcd thermoplastic polymers, 
such as polyolefin, polyamide, polyester, and polyvinyl chlonde. 

As used herein, the phrase "tie layer" refers to any inner film layer having the pnmary 
25 purpose of adhering two layers to one another. T,e layers can compnse any polymer having a 
polar group thereon, or any other polymer wh.ch provides sufficient tnterlayer adhes.on to 
adjacent layers composing otherwise nonadhering polymers 

As used herein, the phrase "skin layer" refers to an outside layer of a tnultilayer film in 
packaging a product, this skin layer being subject to abuse. 
30 As used herein, the phrase "bulk layer" refers to any layer of a film which ts present for 

the purpose of increasing the abuse-resistance, toughness, modulus, etc., of a multilayer film 
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Bulk layers generally eomprise polymers which are inexpensive relative to other polymers in 
the film which provide some specific purpose unrelated to abuse-resistance, modulus, etc. 

The names "first layer", "second layer", as used herein, are generally indicative of the 
manner in which a multilayer film structure is built up. That is, in general, the first layer can be 
present without any of the additional layers described, or the first and second layers can be 
present without any of the additional layers described, etc. 

As used herein, the tenn "extaision" is used with reference to the process of forming 
continuous shapes by forcing a molten plastic material through a die, followed by cooling or 
chemical hardening. Immediately prior to extaision through the die, the relatively high- 
viscosity polymeric material is fed into a rotating screw of variable pitch, i.e.. an extruder, 
which forces the polymeric material through the die. 

As used herein, the term "coextmsion" refers to the process by which the outputs ol" 
two or more extruders arc brought smoothly together in a feed block, to form a multilayer 
stream that is fed to a die to produce a layered extrudate. Coextmsion can be employed in film 
blowing, sheet and flat film extrusion, blow molding, and extrusion coating, 

As used herein, the phrase "machine direction", herein abbreviated "MD", refers to a 
direction "along the length" of the film, i.e., in the direction of the film as the film is formed 
during extrusion and/or coating. As used herein, the phrase "transverse direction", herein 
abbreviated "TD". refers to a direction across the film, perpendicular to the machine or 
longitudinal direction. 

As used herein, the phrase "ft-ee shrink" refers to the percent dimensional change in a 
10 cm x 10 cm specimen of film, when shrunk at I85°F, with the quantitative determination 
being carried out according to ASTM D 2732. as set fonh in the I9Q0 Annual Book of ASTM 
Standards, Vol. 08.02, pp. 368-371. which is hereby incorporated, in its entirety, by reference 
thereto. 

The multilayer films usefiji in the article and process of the present invention has at 
least 3 layers (preferably fi-om 3 to 20 layers), and preferably has at least 4 layers (more 
preferably fi-om 4 to 12 layers; still more preferably, ft-om 4 to 1 1 layers; and yet still more 
preferably, fi-om 6 to 10 layers). However, so long as the multilayer film has at least 3 layers, 
the multilayer film can have any further number of additional layers desired, so long as the film 
provides the desired properties for the particular packaging operation in which the film is used, 
e g 0>-barrier characteristics, firee shrink, shrink tension, optics, modulus, seal strength, etc. 



The multilayer film illustrated in Figure 1 comprises five layers; in Figure 2, six layeft; in Figure 
3, six layers, 

The multilayer film used in the present invention can have any total thickness desired, 
so long as the film provides the desired properties for the particular packaging operation in 
which the film is used Preferably, the film used in the present invention has a total thickness 
(i.e., a combined thickness of all layers), of fi-om about 0.3 to 1 5 mils (1 mil equals 0,001 Inch); 
more preferably, from about I to 10 mils; and still more preferably, ft-om 1,5 to 8 mils. For 
shrinkable bags, the range from 1,5-3 mils is even more preferred while for non-shrinkable 
articles, the range of fi-om 4-8 mils is even more preferred, 
3 In Fitaire 1, multilayer film 10 comprises outer layer 12, Used in the article of the 

present invention, outer layer 12 serves as an inside layer which is also a food-contact layer 
Outer layer 12 is a "first layer" in a film used in accordance with the present invention. 

In the present invention, preferably the first layer comprises a polyamide having a 
melting point of from about 260°F to 400"F; more preferably, from about 275"F to 
5 375°F; still more preferably, from about 300 to 360°F; and, yet still more preferably, from 
about 300 to345°F. Preferably, this polyamide comprises at least one member selected 
•from the group consisting of copolyamide 6/12, polyamide 12, copolyamide 66/69/61, 
copolyamide 66/610, copolyamide 6/66, and copolyamide 6/69 

In one preferred embodiment, the polyamide in the first layer comprises at least 
20 one member selected from the group consisting of (a) copolyamide 6/12 comprising (i) 
caprolactam mer in an amount of from about 20 to 80 weight percent, and (ii) laurolactam 
mer in an amount of from about 80 to 20 weight percent; (b) polyamide 12; (c) 
copolyamide 66/69/61 comprising 10 to 50 weight percent hexamcthylene adipamide mer 
{more preferably, from about 20 to 40 weight percent); 10 to 50 weight percent 
25 polyamide 69 mer (more preferably, from about 20 to 40 weight percent); and, 10 to 60 
weight percent hexamcthylene isophthalamide mer (more preferably, from about 10 to 40 
weight percent). Still more preferably, the polyamide in the first layer comprises a blend 
of 50% copolyamide 6/12, which preferably comprises about 50% caprolactam mer. and 
50% polyamide 12, 

30 Preferably, the first layer comprises only one polyamide; more preferably, the first 

layer consists of only one polyamide. 
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Preferably, the first layer has a thickness of from about 3 to 20 percent, based on 
the total thickness of the multilayer film; more preferably, from about 5 to 18 percent; still 
more preferably, from about 7 to 16 percent; yet still more preferably, from about 9 to 13 
percent. Preferably, the first layer has a thickness of from about 0.05 to 2 mils; more 
5 preferably, from about 0.1 to 1 mil; still more preferably, from about 0.2 to 0.8 mil; yet 
stilt more preferably, from about 0.2 to 0.4 mil; and, even yet still more preferably, from 
about 0.2 to 0.3 mil. 

In Figure I, multilayer film 10 further comprises inner layer 14. Inner layer 14 is a 
"second layer" in a film used in accordance with the present invention. 

10 In the present invention, the polyamide in the second layer prefereably comprises 

at least one member selected from the group consisting of polyamide 6, polyamide 9, 
polyamide 10, polyamide II, polyamide 12, polyamide 66, polyamide 610, polyamide 
612, polyamide 61, polyamide 6T, polyamide 69, and copolymers thereof; more preferably 
the polyamide in the second layer comprises at least one member selected from the group 

15 consisting of polyamide 6, 66 and 6/66. Preferably, the polyamide in the second layer has 
a melting point of at least 350''F; more preferably, at least 370^F and even more 
preferably, at least 390°F. 

Preferably, the second layer fijrther comprises a polymer which retards the 
crystallization of the polyamide in the second layer. Preferably, this (crystallization- 

20 retarding) polymer comprises at least one member selected from the group consisting of 
polyolefin and third polyamide. Preferably, the polyolefin comprises at least one member 
selected from the group consisting* of ethylene/unsaturated acid copolymer, 
ethylene/unsaturated ester copolymer, and modified polyolefin. Preferably, the third 
polyamide has a crystal structure different from the polyamide in the second layer of the 

25 multilayer film. 

More particularly, the second film layer preferably comprises a blend of polyamide 
6 with a third polyamide comprising at least one member selected from the group 
consisting of polyamide 9, polyamide 10, polyamide II, polyamide 12, polyamide 66, 
polyamide 610, polyamide 612, polyamide 61, polyamide 6T, polyamide 69, and 

30 copolymers thereof Still more preferably, the second layer comprises: (a) polyamide 6 in 
an amount of from about 40 to 90 weight percent, based on the weight of the second 
layer; and (b) copolyamide 6/12 in an amount of from about 10 to 60 weight percent, 



based on the weight of the second layer, wherein the copolyamide 6/12 comprises 
caprolactam mer in an amount of from about 30 to 70 weight percent (more preferably, 
40 to 60 weight percent). 

If the heat-shrinkable multilayer film which is used in accordance with the present 
5 invention is made by orienting a tape which is heated over a very short time period, such 
as a tape heated by infrared radiation, the thickness of the second layer could be as high as 
70%, based on the thickness of the multilayer film. However, if the film is heated over a 
relatively long time period, such as being healed in hot water, the preferred polyamides 
tend to crystallize to a relatively high level before the orientation step, which produces 
10 problems during the orientation step (the rate of crystallization depends on the type of 
polyamide used). In this latter situation, typically, the greater the thickness of the second 
layer, the more difficuh it is to orient to obtain the resulting multilayer film. This forces a 
practical limit on the maximum percentage thickness of the second layer (especially when 
the most preferred polyamides are used), based on the total thickness of the multilayer 
15 film. Thus, if hot-water is used as the orientation medium, the second layer of the heat- 
shrinkable film preferably has a thickness of from about 3 to 50 percent of the total 
thickness of the multilayer film; more preferably, from about 3 to 30 percent, still more 
preferably, from about 5 to 20 percent, and yet still more preferably, from about 5 to I ? 
percent, based on a total thickness of the multi-layer film 
20 The second layer preferably comprises another polymer which disrupts the 

crystallinity of the polyamide in the second layer The composition as disclosed 
immediately above facilitates orientation of a 'tape' to get the resultant multilayer film. 
This is especially preferred for orientation out of hot-water 

In Figure 1, multilayer film 10 flinher comprises inner layer 16. Inner layer 16 is a 
25 '^third layer" in a film used in accordance with the present invention, hence, inner layer 16 
serves as an 02-barrier layer 

In the present invention, the third film layer serves as an 02-barrier layer, and 
comprises at least one member selected from the group consisting of ethylene/vinyl 
alcohol copolymer, polyamide, polyvinylidene chloride, and polyalkylene carbonate, more 
30 preferably, at least one member selected ft-om the group consisting of ethylene/vinyl alcohol 
and polyamide. This Orbarrier layer serves to provide the multilayer film with a layer which is 
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especially impervious to atmospherie oxygen, which results in increasing the shelf life of the 
packaged product. However, EVOH is the preferred polymer for use in the 02-barrier layer. 

Preferably, the 02-barrier layer has a thickness of from about 0.05 to 5 mils; more 
preferably, from 0.05 to 0.5 mil, yet still more preferably, from 0. 1 to 0.3 mil; and even yet still 
5 more preferably, from about 0. 1 2 to 0. 1 7 mils. 

In Figure 1, multilayer film 10 further comprises outer layer 18. Outer layer 18 is a 
"fourth layeK' in a film used in accordance with the present invention. In the present invention, 
the fourth film layer provides the multilayer film with the desired abuse, shrink, and optical 
characteristics, and preferably comprises a polymer having relatively low cost while providing 

1 0 these characteristics. Preferably, the fourth layer has a thickness of from about 0. 1 to 3 mils, 
more preferably, from 0.2 to 2 mils; still more preferably, from 0.3 to 1.5 mil; and yet still more 
preferably, from about 0.6 to 1 .3 mils. 

Preferably, the fourth layer comprises at least one member selected from the group 
consisting of polyolefm, polyamide, polyester, starch-containing polymer, polystyrene, 

15 and polyurcthane. More preferably, the founh layer comprises at least one member 
selected from the group consisting of polyethylene homopolymer, polyethylene 
copolymer, polypropylene homopolymer, polypropylene copolymer, polybutene 
homopolymer, and polybutene copolymer; still more preferably, the fourth layer 
comprises at least one member selected from the group consisting of ethylene/alpha-olefin 

20 copolymer, propylene/alpha-olefin copolymer, butene/alpha-olefin copolymer, 
ethylene/unsaturated ester copolymer, and ethylene/unsaturated acid copolymer; yet still 
more preferably, the fourth layer comprises at least one member selected from the group 
consisting of ethylene/vinyl acetate copolymer, linear low density polyethylene and high 
density polyethylene. Preferably, the fourth layer is an outer layer. 

25 In Figure I, multilayer film 10 ftirther comprises inner layer 20. Inner layer 20 is a 

"fifth layer" in a film used in accordance with the present invention. 

In the present invention, the fifth layer is between the third layer and the founh 
layer and serves as a tie layer. As a general rule, tie layers should have a relatively high 
degree of compatibility with barrier layers, such as polymerized EVOH, or the polyamide 

30 layer, as well as non-barrier layers, such as polymerized ethylene alpha-olefin copolymer. The 
composition, number, and thickness of tie layers is as known to those of skill in the art. 
Preferably, the fifth layer has a thickness of from about 0.05 to 2 mils; more preferably, from 



about 0.05 to 0.5 mil; still more preferably, from about 0.1 to 0.3 mil; and yet still more 
preferably, from about 0.12 to 0.17 mils. Preferably, the fifth layer comprises at least one 
member selected from the group consisting of modified ethylene/alpha-olefin copolymer, 
modified ethylene/unsaturated ester copolymer, modified ethylene/unsaturated acid 
5 copolymer; and polyurethane. More preferably, the fifth layer comprises an anhydride- 
modified polyolefin. 

Figures 2 and 3 illustrate two alternative preferred embodiments of oriented, heat- 
shrinkable multilayer films to be used in the article of the present invention. Figures 2 and 3 
each illustrate six-layer films. These two films are especially suited for conversion to heat- 

1 0 shrinkable bags for the packaging of meat products, in accordance with the present invention. 

In Figure 2, multilayer film 22 comprises outer layer 24 which serves as a sea! layer 
and is the first film layer, as described above. Inner layer 26 is the second film layer, also as 
described above. Inner layer 28 serves as an Orbarrier layer, and is the third film layer, as 
described above, Outer layer 30 provides the multilayer film with the desired abuse, shrink, 

15 and optical characteristics, and is the fourth film layer, as described above. Inner layer 32 is 
between second layer 26 and third layer 28; inner layer 32 serves as a tie layer, and is the fifth 
film layer, as described above. Multilayer film 22 funher comprises inner layer 34, which is 
between third layer 28 and fourth layer 30; inner layer 34 serves as a tie layer and is the sixth 
film layer. 

20 In the present invention, the sixth film layer is between the first layer and the third 

layer and also serves as a tie-layer. Preferably, the sixth layer has a thickness of from about 
0.05 to 2 mils; more preferably, from about 0,1 to I mil; still more preferably, from about 0.2 
to 0.8 mil; and yet still more preferably, from about 0.3 to 0.5 mils. 

Preferably, the sixth layer comprises at least one member selected from the group 

25 consisting of modified ethylene/alpha-olcfin copolymer, modified ethylene/unsaturated 
ester copolymer, modified ethylene/unsaturated acid copolymer; and polyurethane. More 
preferably, the sixth layer comprises an anhydride-modified polyolefin. 

Figure 3 illustrates alternative 6-layer multilayer film 36 to be used in the article of the 
present invention' Multilayer film 36 comprises outer layer 38, which serves as a food-contact 

30 and seal layer, and is the first film layer. Inner layer 40 is the second film layer. Inner layer 42 
serves as the 02-barrier layer, and is the third film layer. Outer film layer 44 provides the 
multilayer film with the desired abuse, shrink, and optical characteristics, and is the fourth film 
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layer, as described above. Inner film layer 46 is between first film igyer 38 and third film layer 
42; inner layer 46 serves as a tie layer, and is the sixth film layer, as described above. Inner 
film layer 48 is between second film layer 40 and founh film layer 44; inner layer 48 sen/es as 
a tie layer, and is the fifth film layer, as described above. 
5 Figure 4 illustrates a preferred process for making casing film and/or butt-seal tape 

film for in accordance with the present invention. For example. Figure 4 illustrates a 
preferred process for making the films illustrated in Figures 1, 2, and 3. In the process 
illustrated in Figure 4, solid polymer beads (not illustrated) are fed to a plurality of extruders 
(for simplicity, only extruder 88 is illustrated). Inside extruders 88, the polymer beads are 

1 0 degassed, following which the resulting bubble-free melt is forwarded into die head 00, and 
extruded through an annular die, resulting in tubing tape 92 which is preferably ft*om about 1 5 
to 30 mils thick, and preferably has a lay-flat width of ft-om about 2 to 10 inches. 

After cooling or quenching by water spray fi-om cooling ring 94, tubing tape 92 is 
collapsed by pinch rolls 96, and is thereafter fed through irradiation vault 98 surrounded by 

1 5 shielding 100, where tubing 92 is irradiated with high energy electrons (i.e., ionizing radiation) 
fi^om iron core transformer accelerator 102. Tubiny^tape 92 is guided through irradiation vault 
98 on rolls 104. Preferably, tubing tape 92 is irradiated to a level of from about 40-100 kGy, 
resulting in irradiated tubing tape 106. Irradiated tubing tape 106 is wound upon windup roll 
108 upon emergence from irradiation vault 98, forming irradiated tubing tape coil 1 10, 

20 After irradiation and windup, windup roll 108 and irradiated tubing tape coil 110 are 

removed and installed as unwind roll 1 12 and unwind tubing tape coil 1 14, on a second stage 
in the process of making the film as ultimately desired. Irradiated tubing 106, being unwound 
from unwind tubing tape coil 114, is then passed over guide roll 1 16, after which irradiated 
tubing 106 is passed through hot water bath tank 1 18 containing hot water 120. Irradiated 

25 tubing 106 is then immersed in hot water 120 (preferably having a temperature of about 185- 
210°F) for a period of about 20-60, i.e., for a time period long enough to bring the film up to 
the desired temperature for biaxial orientation. Thereafter, hot, irradiated tubular tape 122 is 
directed through nip rolls 124,^ and bubble 126 is blown, thereby transversely stretching hot, 
irradiated tubular tape 122 so that an oriented film tube 128 is fonmed. Furthermore, while 

30 being blown, i.e., transversely stretched, nip rolls 130 have a surface speed higher than the 
surface speed of nip rolls 124, thereby resulting in longitudinal orientation. As a result of the 
transverse stretching and longitudinal drawing, oriented film tube 128 is produced, this blown 



tubing preferably having been both stretched in a ratio of from about 1 . 1 .5 to 1 .b, and drawn in 
a ratio of from about 1:1 5 to 1 .6. More preferably, the stretching and drawing are each 
performed at a ratio of from about 1 ;2 to 1 .4. The result is a biaxial orientation of from about 
1-2 25 to 1:36. more preferably, 1:4 to 1:16. While bubble 126 is maintained between pinch 
5 rolls 124 and 130, onented film tube 128 is collapsed by rollers 132, and thereafter conveyed 
through pinch rolls 1 30 and across guide roll 1 34, and then rolled onto wind-up roll 1 36. Idler 
roll 138 assures a good wind-up. The resulting multilayer film can be used to form backseamed 
casings, etc, which, in turn, can be used for the packaging of meat products, in accordance 

with the present invention. 
] 0 The films in the examples set forth below were prepared according to the process 

described immediately above. These examples provide additional details on the multilayer 
films and the good performance of the multilayer films during a sealing and cooking process 

The polymer components used to fabricate the multilayer film according to the present 
invention may also contain appropriate amounts of additives typically included in such 
1 5 compositions These additives include slip agents such as talc, antioxidants, fillers, dyes, 
pigments, radiation stabilizers, antistatic agents, elastomers, and like additives known to those 
of skill in the art of packaging films. 

The multilayer fihtis according to the, present invention can be prepared by any 
means known to those of skill in the art, e.g.. via coextrusion and/or extrusion coating, 
20 and/or lamination. However, preferably the films are produced by coextrusion. 

The multilayer film according to the present invention preferably has a free shrink 
of from about 5-70 percent in one or both directions (i.e.. longiiudmal direction "L", also 
referred to as "machine direction", and transverse direction. "T", at 185"!-, determined 
according to ASTM D 2732-83, which is hereby incorporated, in its emirety, by reference 
25 thereto); more preferably, from about 10-50 percent at 185"F; still more preferably, from 
about 15-35 percent at 185°F. Preferably, the multilayer film is biaxially oriented. 

In another preferred embodiment, the multilayer film may be oriented and then 
heatset or annealed. In this preferred embodiment, the multilayer film according to the 
present invention preferably has a transverse direction free shrink of about 0 to 20% at 
30 1 85°F; more preferably, from about 2 to 1 0 percent. 

Preferably, the multilayer film has a shrink tension in at least one direction of at 
least about 10 psi, more preferably, from about 20-1000 psi, still more preferably, from 
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^ about 100 to 600 psi; and yet still more preferably, from about 250 to 450 psi. Even more 
preferably, the multilayer film according to the present invention has a longitudinal shrink 
tension of at least 275 psi at 185''F; more preferably, at least 300 psi at 185°F. 

Certain packaging operations involve the use of a heat-shrinkable bag to package 
5 and cook a turkey product. In these applications, it is often desirable to obtain a product 
after cooking which has a profile similar to a turkey-breast. In these applications it may 
be desirable to obtain a high a level of shrink tension in order to achieve the proper shape. 
Preferably, the multilayer shrinkable film used in these applications has a shrink tension fin 
at least one direction) of at least 150 psi, more preferably, at least 200 psi, even more 
10 preferably, at least 250 psi, still more preferably, at least 275 psi, and yet still more 
preferably, at least 300 psi. The presence of the second layer of the multilayer film 
according to the present invention helps provide the multilayer shrink film with the desired 
shrink and shrink tension characteristics in order to achieve the proper product profile 
after cooking. 

1 5 The multilayer films according to the present invention preferably comprise a 

crosslinked polymer network. Although the crosslinked polymer network can be produced in 
one or more of a variety of manners, such as chemical crosslinking and/or irradiation, 
preferably the crosslinked polymer network is produced by the irradiation of a tape or film. 
Either some or all of the layers of the multilayer film can comprise crosslinked polymer 

20 networks. 

In the irradiation process, the film is subjected to an energetic radiation treatment, such 
as high energy electron treatment, which induces cross-linking between molecules of the 
irradiated material. The irradiation of polymeric films is disclosed in U.S. Patent NO. 
4,064,296, to BORNSTEIN, et. al., which is hereby incorporated in its entirety, by reference 

25 thereto. BORNSTEIN, et. al. discloses the use of ionizing radiation for crosslinking the 
polymer present in the film. 

Radiation dosages are referred to herein in terms of the radiation unit "RAD", with one 
million RADS, also known as a megarad, being designated as "MR", or, in terms of the 
radiation unit kiloGray (kGy), with 10 kiloGray representing I MR, as is known to those of 

30 skill in the art. A suitable radiation dosage of high energy electrons is in the range of up to 
about 16-166 kGy, more preferably about 44-139 kGy, and still more preferably, 80-120 kGy. 



PrVerably, irradiation is carried out by an electron accelerator and the dosage level is 
determined bv standard dosimetry methods. 

Figure 5 illustrates a packaged cooked meat product 50, according to the present 
invention The product, a cooked meat product, is packaged in a heat-sealed, heat-shrinkable 
5 bag within wluch the meat product has been cooked. The package compnses multilayer film 
52 which can be, for example, mululaycr film 10 illustrated in Figure 1, or multilayer film 22 
illustrated in F.uure 2, or multilayer film 36 illustrated in Figure 3. all of which are discussed in 
detail above, in Figure 5, the cooked meat product preferably compnses pork, in the form of a 
boneless hanri 

1 0 Figure 6 illusm.« yel another embodimen, of a packaged cooked meal product 60. 

accordinu to .l>e present invention The product, a cooked meat product, is packaged in a 
heat-sealed thennoformed web having a Itdstcck web .sealed thereto, with the meat product 
bein» cooked within the sealed therntoformed package. The package compnses muUilayer 
mm W whtch can be. for example, multilayer filtn 10 illustrated in Figure 1. o, multilayer film 
1 5 22 illustrated in Figure 2, or multilayer film 36 illustrated in Fip,re X all of wh.ch are d.scussed 
in detail above. In Figure 6, the cooked meat product preferably compn,ses ham 

The packaged product can be made by a process comprising: (A) filling an antcle 
with a meat product; (B) closing the open end of the filled article (the anicle being a bag, 
casing pouch, etc) so that the meat product is encased hy the closed art.cic; and (C) 
20 cookin. the meat product encased in the closed antcle by subiec.ing the meat to co„k-m. 
so that'the meat product adheres to the tns.de surface of the closed article The antcle ts 
an article according to the present inventton, preferably a preferred anicle accordtng to 

the present invention. 

Although in tjeneral the product in the package can be any cooked meat product, 
25 preferably the cooked tnea, product comprises at least one member selected from the group 
consisting of poult^, ham. beef, lamb, goat, horse, fish, liver sausage, monaddl^ and bologna, 
more preferably, poul.^, ham, beef and bologna; even more preferably, pouU^, ham and roa.s. 

beef " . . J r u 

The tnvemion is illustrated by the following examples, which are prov.dcd for the 

30 purpose of representation, and are not to be constnred as limiting the scope of the invcntton. 
Unless staled otherwise, all percetttages, pans, etc, are by weight. 

Example 1 
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A 3-1/8 inch wide (lay flat dnnension) tube, called a "tape", was produced by the 
coextrusion process described above and illustrated in Figure 4, wherein the tape cross-section 
(from inside of tube to outside of lube) was as follows: 

TABLE 1 



LAYER COMPOSITION 


LAYER THICKNESS 
(niils) 


30/50 blend of Nylon #1 and Nylon til 
(inside layer of tubular tape) 


1.9 


80/20 blend of anhydride grafted LLDPE//1 and EAO#l 


3.2 


anhydride grafted LLDPE^l 


1.2 


EVOH 


1.2 


50/50 blend of Nylon#3 and Nylon til 


2.0 


anhydride grafted LLDPE# 1 


1.5 


80/20 blend of EVA#1 and LLDPE#2 
(outside layer of tubular tape) 


7.3 



5 



wherein; 

NYLON// 1 was VESTAMID (TM) Z73!^ polyamide 12, obtained from Muls 

America, Inc.. of Piscataway, N.J., 

NYL0N#2 was GRJLON' CF6S polyamide 6/12, obtained from EMS-American 
1 0 Grilon Inc., of Sumter, S C. , 

LLDPE#I was TYMOR* 1203 linear low density polyethylene having an anhydride 
functionality grafted thereon, obtained from Morton International, of Chicago, Illinois; 

EAO^l was EXACT 401 1 (TM) homogeneous ethylene/alpha-olefin copolymer, 
obtained from the Exxon Chemical Company, of Baytown, Texas, 
15 EVOH was EVAL' LC-EI05A polymerized ethylene vinyl alcohol, obtained from 

Eval Company of America, of Lisle, Illinois; 

NYL0N#3 was ULTRAMID* B4 polyamide 6, obtained from BASF corporation of 
Parsippany, New Jersey, 
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EVA#1 was PE 5269T (TM) ethylene vinyl acetate copolymer, obtained from 
Chevron Chemical Company of Houston, Texas; 

LLDPE#/2 was DOWLEX" 2045.03 linear low density polyethylene, obtained from 
Dow Plastics, of Freeport, 'i'exas; 
5 All the resins were extruded between 380"^' and 530"H, and the die was heated to 

approximately 420°F. The extruded tape was cooled with water and flattened, the flattened 
width beinu 3-1/8 inches wide in a lay-flat configuration. The tape was then passed through a 
scanned beam of an electronic cross-linking unit, where it received a total dosage of 1 05 kilo 
Grays (kGy). After irradiation, the flattened tape was passed through hot water for about a 
10 third of a minute, the hot water having a temperature of from about 208°F to 2I()"F. The 
resulting heated tape was simultaneously inflated into a bubble and drawn, so that a biaxially 
oriented film tubing having a lay-flat width of 8 inches and a total thickness of 2.0 mils was 
produced The bubble was stable and the optics and appearance of the film were good The 
film tubiny was determined to have about 1 5% free shrinkage in the longitudinal direction and 
I 5 26% free shrinkage in the transverse direction (i.e., for a total shrink of about 41% at 185"F), 
when immersed in hot water for about 8 seconds, the hot water being at a temperature of 
185"F, i.e., using ASTM method D2732-83. 

Baus were made from the oriented tubing under a preferred set of conditions by 
making a transver.se heat seal across the width of the tubing and then severing the tubing 
20 parallel to and immediately behind the seal. Several bags were packaged, some containing 
water as the packaged product, with others containing a mixture of 0.1% mineral oil and 
99.9% water as the packaged product These bags were evaluated for seal strength 
survivability by cooking at I90"F for 6 hrs, and were found to have acceptable seal strength. 

Ex ample 2 

25 A 4-1/4 inch wide tape was produced in a manner similar to the tape of Example 1, The tape 
had a tape cross-section (from inside of tube to outside oftube) as follows 

TABLE 2 



LAYER COMPOSrnON 



LAYER THICKNESS 
(mils) 



30/50 blend of Nylon U 1 and Nylon Ii2. 

(inside lavcr of tubular tape) 

blend of Nvlon#3 (X0%) and Nylon#2 (20%) 



1.5 



1.5 



WO98706574 



PCT/US97/iwy3 
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anhydride grafted LLDPE#1 


1.5 


EVOH 


1.2 


anhydride grafted LLDPE#1 


1.1 


blend of EVA#1 (X()%) and HDPE#1 (20%) 
(outside layer of tubular tape) 


6.5 



HDPE#1 was FORTIFLEX" J60-500C-I47 high density polyethylene, obtained 
from Solvay Polymers, Inc., Deer Park, Texas; all other resins were as identified in 
Example 1 above. 

5 All the resins were exiruded between 380*'F and 530''F, and the die was heated to 

approximately 420''F. The extruded tape was cooled with water and flattened, the flattened 
width bein<> 4-1/4 inches wide in a lay-flat configuration. The tape was then passed through a 
scanned beam of an electronic cross-linking unit, where it received a total dosage of 1 05 kilo 
Grays (kGy). After irradiation, the flattened tape was passed through hot water for about a 
1 0 third of a minute, the hot water having a temperature of from about 208''F to 2 1 0°F. The 
resulting heated tape was simultaneously inflated into a bubble (i.e., stretched) and drawn, so 
that a biaxially oriented film tubing having a lay-flat width of 1 1 inches and a total thickness of 
2.0 mils was produced . The bubble was stable and the optics and appearance of the film were 
good. 

1 5 Bags were made firom the oriented tubing under a preferred set of conditions by 

making a transverse heat seal across the width of the tubing and then severing the tubing 
parallel to and immediately behind the seal. Several bags were packaged, some containing 
water as the packaged product, with others containing a mixture of 0.1% mineral oil and 
99.9% water as the packaged product. These bags were evaluated for seal strength 

20 survivability by cooking at 190T for 6 hrs, and were found to have acceptable seal strength. 

Example 3 

A 4-1/4 inch wide tape was produced in a manner similar to the tape of Example 1. 
The tape had a tape cross-section (fi-om inside of tube to outside of tube) as follows . 



TABLE 3 



LAYER COMPOSITION 



50/50 blend of Nylon #1 and Nylon U2 
(inside layer of tubular tape) 



LAYER THICKNESS 
(mils) 



2.0 



blend of Nyion#3 (80%) and Nyion#2 


1.0 


(zU/o) 


anhydride grafted LLDPE#1 


1.5 


EVOH 


1.2 


anhydride grafted LLDPE# 1 


1.1 


blend of EVA#1 (80%) and HDPt#l (20%) 
(outside layer of tubular tape) 


6.5 



All the resins were as identified in Examples 1 & 2 above. All the resins were 
extoided between 380T and 530"F, and the die was-heated to approximately 420T. The 
5 extruded tape was cooled with water and flattened, the flattened width being 4-1/4 inches wide 
in a lay-flat configuration. The tape was then passed through a scanned beam of an electronic 
cross-linking unit, where it received a total dosage of 105 kilo Grays (kGy). After irradiation, 
the flattened tape was passed through hot water for about a th.rd of a minute, the hot water 
having a temperature of from about 208"F to 210"F. The resulting heated tape was 
1 0 simultaneously inflated into a bubble (i e., stretched) and drawn, so that a biaxially onented 
film tubing having a lay-flat width of 1 1 inches and a total thickness of 2.0 mils was produced. 
The bubble was stable and the optics and appearance of the film were good. 

Bags were made from the oriented tubing under a preferred set of conditions by 
making a transverse heat seal across the width of the tubing and then severing the tubing 
1 5 parallel to and immediately behind the seal. Several bags were packaged, some containing 
water as the packaged product, with others containing a mixture of 0 1% mineral oil and 
99.9% water as the packaged product. These bags were evaluated for seal strength 
survivability by cooking at 190T for 6 hrs, and were found to have acceptable seal strength. 
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Example 4 (Cornoarativel 
A 4-1/4 inch wide tape was produced in a manner similar to the tape of Example 1 . 
The tape had a tape cross-section (from inside of tube to outside of tube) as follows; 

TABLE 4 



LAYbK (_Ulvil'Ubl 1 lUIN 


LAYER 

THICKNESS 
(mils) 


>U/MJ t)iena ot fNyion ff i ana iNyion ni 
(inside layer of tubular tape) 




blend ofanhydride grafted LLDPE#1 (80%) 
and EAO#l (20%) 




anhydride grafted LLDPE#I 


1.6 


EVOH 


1.2 


anhydride grafted LLDPE#1 


1.9 


blend of EVA#1 (80%) and LLDPE#2 (20%) 
(outside layer of tubular tape) 


5.5 



. 5 

Each of the resins was as identified in Examples 1-3 above. All the resins were 
extrxided at between SSO'^F and 530°F, and the die was heated to approximately 420°F. The 
extaided tape was cooled with water and flattened, the flattened width beiny 4-1/4 inches in a 
lay-flat configuration. The tape was then passed through a scanned beam of an electronic 

1 0 cross-linking unit, where it received a total dosage of 105 kilo Grays (kGy). After irradiation, 
the flattened tape was passed through hot water for about a third of a minute, the hot water 
having a temperature . of from about 208°F to 210°F. The resulting heated tape was 
simultaneously inflated into a bubble (i.e., stretched) and drawn, so that a biaxially oriented 
film tubing having a lay-flat width of 1 1 inches and a total thickness of 2.3 mils was produced. 

1 5 The bubble was stable and the optics and appearance of the film were good. 

Bags were made fi"om the oriented tubing under a preferred set of conditions by 
making a transverse heat seal across the width of the tubing and then severing the tubing 
parallel to and immediately behind the seal. Several bags were packaged, some containing 
water as the packaged product, with others containing a mixture of 0.1% mineral oil and 



32 



99 9% water as the packaged product. These bags were evaluated for seal strength 
survivability by cooking at 190°F for 6 hrs, and were found to have acceptable seal strength 

TABLE 5 

PHYSICAL PROPERTIES OF EXA^fPLES 103 
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Tensile strength (L) 


1 J422 




12130 


QAAl 


(psi) (T) 




VooU 






% Elongation (L) 


111 


1 T C 

1 35 


1 Jii 


1 j4 


at break ( i ) 


1 ! u 






137 


Modulus (L) 




o 1 .J 


0 1 Q 
V 1 .V 




(psi j \\) 


80.9 


84.6 


86.8 


65.8 


Shrink Tension(L) 


317 


307 


295 


242 


f«)185°F(Dsi) (T) 


358 


371 


368 


388 


Shrink Tension (L) 


388 


367 


335 


338 


^S).205°F (psi) (T) 


372 


373 


392 


386 


Free shrink (L) 


15 


19 


17 


19 


(cb. 185°F(%) (T) 


26 


26 


26 


32 


Free shrink (L) 


28 


30 


29 


31 


f5).205°F (%) (T) 


39 


33" 


38 


43 



"L" represents the longitudinal direction, and 
"T" represents the transverse direction 
IQ Free Shrink was measured at various temperatures, 

determined via ASTM D 2732-83 

As can be seen from Table IV above, the films of Examples 1-3 had higher 
longitudinal (i.e.. machine direction) tensile strength and higher modulus than the film of 
Example 4 (Comparative). Moreover, while each of the films of Examples 1-3 had a total 
1 5 thickness of only 2.0 mils, the film of Example 4 (Comparative) had a total thickness of 
2.3 mils. Thus, it is apparent that even though the films of Examples 1-3 are thinner than 
the film of Example 4 (Comparative), they are also significantly stifFer and therefore have 
better toughness and abuse-resistance characteristics, gauge for gauge, than. the film of 
Example 4 (Comparative). Furthermore, if the film of Example 4 (Comparative) is 
20 thinned down from 2.3 mils to 2.0 mils, i.e., so that it is comparable to the films of 
Examples 1-3 on a same-total-thickness basis, the abuse resistance of such a comparative 
2.0 mil film would be still less than the abuse-resistance of the 2.3 mil film of Example 4 
(Comparative), and even further below the abuse-resistance of the 2.0 mil films of 
Examples 1.3. 
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Moreover, it was unexpectedly found that thS films of Examples 1-3 did not 
exhibit wrinkling and creasing, as is typically present in films containing a relatively high 
percentage of polyamide 6, i.e., at least 30 weight percent polyamide 6, based on total 
film weight. Wrinkles and creases are undesirable in the films to be used in the article of 
5 the present invention, for two reasons. First, if a heat seal is made through a wrinkle or 
crease, the strength of the seal in the resulting anicle is considered to be unacceptable 
because of the increased likelihood that by sealing through the crease, the seal will fail- 
during the cook-in process. Second, if a film is printed as typically happens in a preferred 
embodiment of the present invention, the wrinkle or crease can lead to poor printability. 

10 Figure 7 is a photographic illustration of a comparative film with wrinkles and creases, 
which is to be contrasted with Figure 8, which illustrates a wrinkle-free and crease-free 
film which can be used in the anicle according to the present invention. 

It is also surprising that during heat sealing the inner polyamide taycr(s) permit 
heat transfer therethrough so the relatively high melting point polyamide in the sealing 

1 5 layer could be effectively sealed, i.e., without burn-through and while producing a strong 
seal capable of surviving cook-in. This surprising result is associated with the discovery 
that during heat sealing, films comprising a relatively high amount of polyamide 6, i.e, 
films containing at least 30 weight percent polyamide 6 based on total film weight, 
interfered with heat transfer through to the seal layer. The high polyamide content 

20 (especially polyamide 6) has been discovered to require the use of a higher sealing 
temperature, and/or longer sealing time, which unfortunately often leads to burn-through 
of the film, especially because the outer film layer of the more preferred films are primarily 
polyolefinic. However, films to be used in the article of the present invention, as typified 
in Examples 1-3, have a relatively thin nylon layer to facilitate heat-transfer to the sealing 

25 layer, while still enhancing the physical properties and seal strength, without wrinkling and 
creasing. 

The relatively thin polyamide core layer in the film used in the article of the 
present invention also provides the advantage of ease of orientability, relative to 
comparative films having relatively thicker inner polyamide layers. 
30 The thickness of a film seal layer has a significant influence on seal strength 

obtainable with the film. That is, a seal layer which is relatively thick (e.g., 0.5 mil) tends 
to provide a stronger seal than a sealant layer which is relatively thin (e.g., 0,2 mil). The 
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thickness oAhe seal layer of the films of Examples 1-3 was 0.21 mil, 0.22 mil, and 0.29 
mil respectively, whereas the thickness of the seal layer of the film of Example 4 
(Comparative) was 0.50 mils. However, it was apparent that even upon substantial 
downgauging of the thickness of the seal layer (and the overall film thickness), the films of 
5 Examples 1-3 exhibited a seal survivability under cook-in conditions which was 
comparable to the film of Example 4 (Comparative). This is also surprising and 
unexpected in view of the fact that the seal layer thickness for the film of Example 4 
(Comparative) was from about 160% to 240% of the thickness of the seal layer of the 

films of Examples 1,2, and 3 
1 0 Moreover, since the resins in the nylon core layer can be selected from relat.vely 

inexpensive nvlons (e.g.. nylon 6, nylon 66, and nylon 6/66), i.e., relative to the nylons in 
the seal layer the overall raw material cost of the film can be substantially reduced. In 
fact the overall raw material cost of the film of Examples 1-3 can be up to about 50% 
less than the film of Example 4 (Comparative), wh,le maintainmg comparable performance 

15 characteristics. 

Although the present invention has been described with reference to the preferred 

embodiments, it is to be understood that modifications and variations of the invention 
exist without departing from the principles and scope of the invemion, as those skilled m 
the art will readily understand. Accordingly, such modifications are in accordance with 
20 the claims set forth below, 
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WHAT IS CLAIMED IS: 

1 . An article comprising a multilayer film comprising: 

(A) a first layer comprising a polyamide having a melting point of from about 250^F 
to 400°F, the first layer having a thickness of less than about 1 8 percent, based 

5 on a total thickness of the multilayer film; 

(B) a second layer comprising at least one member selected from the group consisting 
of polyamide 6, polyamide 9, polyamide 10, polyamide 11, polyamide 12, 
polyamide 66, polyamide 610, polyamide 612, polyamide 61, polyamide 6T, 
polyamide 69, and copolymers thereof, the second layer having a thickness of 

10 from about 3 to 30 percent of the total thickness of the multilayer film; and 

(C) a third layer which serves as an Orbarrier layer and comprises at least one 
member selected from the group consisting of ethylene/vinyl alcohol copolymer, 
polyamide, polyvinylidene chloride, and polyalkylene carbonate; and 

wherein the first layer is sealed to itself 

15 

2. The article according to claim 1, wherein the second layer is directly adhered to 
the first layer. 

3. The article according to claim 1, wherein the second layer comprises at least 
20 one member selected from the group consisting of polyamide 6, polyamide 66, and 

polyamide 6/66. 

4. The article according to claim 3, wherein the polyamide in the first layer has a 
melting point of from about 300° to 375°F. 

25 

5. The article according to claim 4, wherein the first layer comprises only one 
polyamide. 

6. The article according to claim 4, wherein the first layer comprises copolyamide 
30 6/12 in an amount of from about 20 to 80 weight percent, and polyamide 12 in an amount 

of from about 80 to 20 weight percent. 
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7 The article according to claim 6, wherein the first layer has a thickness of less 
than about 1 5 percent, based on a total thickness of the multilayer film, 

8 The article according to claim 6. wherein the thickness of the first layer is from 
5 about 0.2 to 0 4 mil. 

9 The article according to claim 3, wherein the second layer comprises polyamide 
6 and at least one member selected from the group consisting of polyamide 9. polyamide 
10, polyamide 11, polyamide 12, polyamide 66, polyamide 610, polyamide 612, 

1 0 polyamide 61, polyamide 6T, polyamide 69. and copolyamides thereof 

10. The article according to Claim 9, wherein the second layer comprises 
polyamide 6 in an amount of from about 40 to 90 weight percent, and polyamide 6/12 in 
an amount of from about 10 to 60 weight perccm 

15 

1 1 . The article according to Claim 3. wherein the thickness of the second layer is 
from about 3 to 20 percent, based on a total thickness of the multilayer film. 

12. The article according to Claim 1 1, wherein the thickness of the second layer is 
20 less than about 1 5 percent, based on a total thickness of the multilayer film. 

1 3. The article according to Claim 3, further comprising a fourth layer comprising 
at least one member selected from the group consisting of polyolefin, polyamide, 
polyester, starch-containing polymer, polystyrene, and polyurethane. 

25 

14. The article according to Claim 1 3. wherein the fourth layer comprises at least 
one member selected from the group consisting of polyethylene homopolymer, 
polyethylene copolymer, polypropylene homopolymer. polypropylene copolymer, 
polybutene homopolymer, and polybutene copolymer, and the fourth layer is an outer 

30 layer. 



wu-y»/Udi>74 ^ ^ ' PCTAJS97/UUyS 

37 

. 15. The article according to Claim 14, ferther comprising a fifth layer between the 
third layer and the fourth layer, the fifth layer serving as a tie-layer. 

16. The article according to Claim 15, ftirther comprising a sixth layer between 
5 the first layer and the third layer, the sixth layer serving as a tie-layer. 

17. The article according to Claim 16 wherein the multilayer film has biaxial 
orientation. 

10 18. The article according to Claim 16, wherein the multilayer film has a free 

shrink, at 185°F, of at least 10 percent in at least one direction. 

19. The article according to Claim 18, wherein at least a portion of the film 
comprises a cross-linked polymer network. 

15 

20. A bag comprising a multilayer film comprising: 

(A) a first layer which is an outer layer sealed to itself and which serves as a food 
contact and seal layer, the first layer comprising a polyamide having a melting 
point of from about 250°F to 400°F; 

20 (B) a second layer comprising at least one member selected from the group consisting 
of polyamide 6, polyamide 9, polyamide 10, polyamide 11, polyamide 12, 
polyamide 66, polyamide 610, polyamide 612, polyamide 61, polyamide 6T, 
polyamide 69, and copolymers thereof, the second layer having a thickness of 
from about 3 to 30 percent of the total thickness of the multilayer film; and 

25 (C) a third layer which serves as an Oj-barrier layer and comprises at least one 
member selected from the group consisting of ethylene/vinyl alcohol copolymer, 
polyamide, polyvinylidene chloride, and polyalkylene carbonate. 



30 



21 . The bag according to Claim 20, wherein the bag is an end-seal bag. 

22. The bag according to Claim 20, wherein the bag is a side-seal bag. 
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23. A packaged product comprising. 

(A) a package comprising a multilayer film comprising. 

(i) a first layer which is an inside layer sealed to itself and which serves as a 

food contact and seal layer, the first layer comprising a polyamide having a 
5 melting point of from about 250°F to 400°F; 

(ii) a second layer comprising at least one member selected from the group 
consisting of polyamide 6, polyamide 9, polyamide 10, polyamide 11, 
polyamide 12, polyamide 66. polyamide 610, polyamide 612, polyamide 
61, polyamide 6T, polyamide 69, and copolymers thereof, the second layer 

^ Q having a thickness of from about 3 to 30 percent of the total thickness of 

the multilayer film; and 
(iii) a third layer which serves as an Orbarrier layer and comprises at least one 
member selected from the group consisting of ethylene/vinyl alcohol 
copolymer, polyamide, polyvinylidene chloride, and polyalkylene 
\ 5 carbonate; and 

(B) a product comprising cooked meat, 

24. The packaged product according to Claim 23 wherein the cooked meat 
product comprises at least one member selected from the group consisting of poultry. 

20 ham, roast beef, liver sausage, mortadella, bologna, goat, and lamb. 

25, The packaged product according to Claim 24 wherein the cooked meat 
product comprises at least one member selected from the group consisting of poultry, 
ham, and roast beef. 
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